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NOSE SPIKES AS A MEANS OF CONTROL* 

By Richard W. Harman and W i l l i a m  B. Boatright 

SUMMARY 

The l i f t ,  drag, and pi tching moment have been measured f o r  a 
reent ry  capsule with several  s e r i e s  of nose shapes. A l l  models had 
t h e  same afterbody shape. One s e r i e s  of models was used t o  determine 
t h e  e f f e c t s  of nose f ineness  r a t i o  on the aerodynamig cha rac t e r i s t i c s  
f o r  nose shapes consis t ing of spherical ly  blunted cones. Nose shapes 
with semiapex angles of 90°, TO0,  50°, 30°, 20°, and 160 were t e s t ed .  
A second s e r i e s  of models had asymmetrical nose shapes. For t h i s  s e r i e s  
t h e  spher ica l ly  blunted apexes of a 30' and a 50' half-angle cone were 
each o f f s e t  l/3, 2/3, and 1 capsule radius. Tests were conducted on a 
t h i r d  series of models with a spherical-segment nose shape canted Oo, 
7 O ,  14O, and 21'. 
obtained on the  use of a spike protruding from t h e  nose of a capsule 
as a means of producing l i f t  and control forces .  
ducted through an angle-of-attack range of about -16' t o  16'. 
configurations t h e  experimental r e s u l t s  were compared with modified 
Newtonian theory. 

* 

s 

I n  a fourth series preliminary information w a s  

A l l  t e s t s  were con- 
For some 

Resul ts  of nose f ineness-rat io  t e s t s  showed t h a t  l i f t - d r a g  r a t i o s  
of about -0.2 were obtained with blunt  models and a l i f t - d r a g  r a t i o  of 
about 0.8 was obtained with the  slender 160 conical-nosed model. A 
cross  p l o t  of  t he  da ta  revealed t h a t  if t h e  cone half-angle were 
about 42O, no l i f t  would be generated as angle of a t t ack  varied.  
t h e  model with t h e  l a r g e s t  nose cant and the  model with t h e  l a rges t  nose 
o f f s e t  produced a l i f t - d r a g  r a t i o  of about 0 .5 .  
t h e  l i n e a r i t y  o r  slope of t he  pitching-moment va r i a t ion  with angle of 
a t t ack  due t o  canting the  nose o r  o f f se t t i ng  the  apex. High-frequency 
o s c i l l a t o r y  flow (about 500 t o  600 cps) occurred during t h e  tests with 
some of t h e  nose-spike models. The forces and moments produced by t h e  
spikes  were very nonlinear.  

Both 

There w a s  no e f f e c t  on 

* 

b 

T i t l e ,  Unclassified.  .t 
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MTRODUCT I O N  

A s  contrasted t o  the nonl i f t ing  reentry body following a b a l l i s t i c  
t ra jec tory ,  the  use of l i f t  during a reentry maneuver lowers the decel- 
erat ion forces  and improves touchdown accuracy. 
of l i f t  coeff ic ient  can produce f a i r l y  large changes i n  these decelera- 
t i o n  forces and provide the vehicle with an increased choice of landing 
s i te ,  the l i f t i n g  body appears worthy of close consideration f o r  cer- 
t a i n  missions. In  addition t o  i t s  p o t e n t i a l  value as a vehicle f o r  
manned reentry from near-earth o r b i t s  ( r e f .  l), the  l i f t i n g  body has 
possible applications t o  those missions i n  which a b a l l i s t i c  type of 
reentry i s  not feas ib le .  For example, t h e  high reentering v e l o c i t i e s  
of a vehicle returning from a lunar mission might require  the use of 
l i f t  t o  lower the  deceleration forces  t o  acceptable leve ls  even f o r  
unmanned vehicles.  Also, a vehicle re turning t o  e a r t h  from a lunar 
mission would probably not be able t o  start  the  reent ry  maneuver with 
t h e  accuracy of a near-earth satel l i te  and the  use of l i f t  during the  
atmospheric portion of reentry might be mandatory i n  order t o  improve 
touchdown accuracy. The improvement of touchdown accuracy would ease 
the  guidance and retro-rocket t ime-of-firing requirements t o  assure 
t h a t  the vehicle landed where desired.  

Since even s m a l l  values 

a 
The purpose of t h i s  invest igat ion was t o  obtain quant i ta t ive infor-  

mation on methods of providing l i f t i n g  c a p a b i l i t i e s  t o  a reentry capsule 
i n  order t o  determine the  nose shape t h a t  i s  most e f fec t ive  and trouble- 
f r e e  i n  producing l i f t .  The e f f e c t  of nose fineness r a t i o ,  the  e f f e c t  of 
of fse t t ing  t h e  spherical ly  blunted apex of a conical nose, and t h e  e f f e c t  
of canting a nose composed of a spherical  segment were investigated.  All 
configurations had t h e  same afterbody shape. Also,  a preliminary i n v e s t i -  
gation was made t o  explore t h e  use of a spike protruding from the  d i f f e r -  
en t  nose shapes as a means of generating l i f t  or  control  forces .  
t e s t s  were conducted a t  a Mach number of 2.91. This Mach number was not 
too low f o r  assessing the  hypersonic aerodynamic c h a r a c t e r i s t i c s  of t h e  
d i f fe ren t  nose shapes since the noses were b lunt .  I n  a number of cases 
t h e  r e s u l t s  were compared w i t h  Newtonian theory, and t h e  agreement with 
theory a l so  indicates  t h a t  the Mach number was not too low. 

The 

SYMBOLS 

The data  are referred t o  the  s t a b i l i t y - a x i s  system with the moment 
reference a t  a point 0.520 inch behind the  maximum diameter unless other- 
wise noted.  
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CD drag coef f ic ien t  Drag/qA 

z e r o - l i f t  drag coeff ic ient  CD,O 

drag coef f ic ien t  of f la t  p l a t e  a t  900 t o  f r e e  stream CD, 900 

l i f t  coef f ic ien t  Lift/qA cL 

Cm pitching-moment coeff ic ient  Pitching moment/qAd 

CN normal-force coef f ic ien t ,  Normal force/qA 

maximum pressure coef f ic ien t  on nose of body 

maximum diameter of model 

length of spike, i n .  

l i f t - d r a g  r a t i o  

Mach number 

s t a t i c  pressure,  lb/sq i n .  

dynamic pressure,  lb / sq  in.  

nose radius  of model, i n .  

Reynolds number (based on maximum diameter) 

maximum cross-sect ional  area, sq in .  

free-stream veloc i ty  

angle of a t tack ,  deg 

spike def lec t ion ,  deg 

nose-cone half.-angle, deg 

3 
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Subscripts:  

b base 

CP center  of pressure 

m f r e e  stream 

APPARATUS AND TESTS 

Wind Tunnel, Balance, and Model Support 

The inves t iga t ion  was conducted i n  the  Langley 9-inch supersonic 
tunnel  of t he  High-Temperature F lu id  Mechanics Section. This i s  a 
continuous, closed-return type of tunnel  with provisions for t h e  cont ro l  
of the humidity, temperature, and pressure of t he  enclosed a i r .  During 
t h e  t e s t s  t he  quant i ty  of water vapor i n  the  tunnel  a i r  was kept s u f f i -  
c i en t ly  low so t h a t  the  e f f e c t  of water condensation i n  t h e  supersonic 
nozzle w a s  negl igible .  

The balance system used i n  these  tes ts  was of a six-component, 

rl 

externa l  ty-pe which u t i l i z e d  mechanical self-balancing beams f o r  force  
measurements. A de ta i l ed  descr ip t ion  of t h i s  balance system i s  presented 
i n  the appendix of reference 2. 

. 

The models were s t i ng  mounted t o  the  model support of t h e  ex te rna l  
balance system. The s t ings  were shielded from a i r  loads by a movable 
windshield which was equipped with four  pressure tubes open a t  t h e  snout 
of the windshield, behind t h e  model base, t o  measure model base pressures .  
The streamwise gap between t h e  base of t h e  models and the  snout of t h e  
windshield was maintained a t  about 0.015 inch o r  less f o r  a l l  tes ts .  

Models 

General.- Four s e r i e s  of models were t e s t ed .  The f i r s t  series was 
selected t o  evaluate the  e f f e c t  of nose f ineness  r a t i o  of t h e  aerodynamic 
cha rac t e r i s t i c s  of the  capsule. 
ua te  the e f f ec t  of o f f s e t t i n g  the  spher ica l ly  blunted apex of t he  conica l  
nose. The t h i r d  s e r i e s  used nose cant t o  produce l i f t .  
was designed t o  determine the  e f f ec t s  of spikes  of varying lengths  and 
def lect ions protruding from t h e  center  of t h e  nose on t h e  aerodynamic 
and control cha rac t e r i s t i c s  of a capsule.  s 

The second s e r i e s  was designed t o  eval-  

The fou r th  s e r i e s  
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Nose f ineness- ra t io  series.- Drawings of t h e  nose shapes of t h i s  
T h i s  series consisted of s i x  in t e r -  s e r i e s  are shown i n  f igure  l ( a ) .  

changeable nose shapes mounted on a common afterbody. 
shapes included a f l a t  p l a t e  and f ive  blunted conical  nose shapes. The 
semiapex angles of t he  conical shapes were TO0, 50°, 30°, 20°, and 16O. 
A l l  t h e  conical  nose shapes were spherical ly  blunted with a 0.25-inch- 
radius  sphere tangent t o  the  conical surface.  

The*six nose 

Nose apex-off set se r i e s .  - The 50' and 30' nose half  -angle shapes 
p ic tured  i n  f igure  l ( a )  were used t o  study the  e f f e c t  of o f f s e t t i n g  t h e  
apex of t h e  nose. 
and 1 capsule radius .  Each of these d i f f e r e n t  nose shapes had the  same 
afterbody shape as was used i n  the  nose f ineness- ra t io  s e r i e s .  

A s  shown i n  f igure l ( b )  , t h e  apex was off s e t  1/3, 2/3, 

Nose-cant s e r i e s . -  The t h i r d  ser ies  consisted of four  capsules with 
nose-cant angles of Oo, 7 O ,  14', and 21° ( f i g .  l ( c ) ) .  
used w a s  a spher ica l  segment with a 2.U8-inch radius .  

The nose shape 

Nose-spike series.- Three nose shapes (a f la t  p l a t e  (model 0-A), 
a 200 blunted conical nose (model L A ) ,  and a TO0 blunted conical nose 
(model 1 - A ) )  were used i n  t h e  fourth s e r i e s  i n  order t o  evaluate the  
e f f e c t s  of nose spikes.  A 3/32-inch-diameter spike was i n s t a l l e d  i n  
t h e  center  of t h e  apex of each nose as  shown i n  f igu re  l ( d )  . 
lengths  of 0.75, 1.50, and 2.25 inches were t e s t ed .  Tests were also 
conducted with the  spikes def lected a t  angles of Oo, loo, and 200. 

Spike 

T e s t  Conditions and Procedures 

Tests were made a t  a Mach number of 2.91 and a Reynolds number of 

0.78 x lo6. 
var ied from 0.26 x 10 t o  1.14 x 10 . 
through an angle-of-attack range of - 1 5 O  t o  17'. 

One test  was conducted wherein t h e  Reynolds number was 
6 6 A l l  configurations were t e s t e d  

Measurements, Corrections, and Accuracy 

L i f t ,  drag, and pi tching moment were measured on t h e  ex terna l  balance 
system. 
system which used a s m a l l  (1/16-inch-diameter) mirror attached t o  t h e  
models near t h e  rear of t h e  afterbody. 
from t h e  ex terna l  l i g h t  source onto a graduated sca le .  

The angle of a t tack  of t h e  models w a s  determined with an o p t i c a l  

These mirrors r e f l ec t ed  an image 

Standard correct ions f o r  sting-mounted models i n  t h e  Langley 9-inch 
supersonic tunnel  were applied t o  the drag da ta  of the  configurations t o  
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account f o r  t h e  difference between free-stream pressure and (1) the  meas- 
ured pressure on the  base of the  afterbody and (2) the  pressure on the  
fixed-windshield balance-box enclosure. This correction amounted t o  
correcting the model base pressure t o  free-stream s t a t i c  pressure o r  t o  
zero base drag. 

The probable accuracies of t h e  data,  based so le ly  on balance c a l i -  
b ra t ion  are estimated t o  be within the  following limits: 

C L . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.001 
C D . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0002 
c,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.005 
L/D . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.15 
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +o. 01 
a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tO.05 

6 R . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + O . O 2 x l O  

RESULTS AND DISCUSSION 

Effects  of Nose Fineness Ratio 

Schlieren photographs.- Schlieren photographs i l l u s t r a t i n g  the  
shock s t ructure  f o r  the  noses of d i f f e r e n t  f ineness r a t i o  a r e  shown i n  
f igure  2. 
detachment distance it can be seen t h a t  the  nose shape influences the 
converging angle of the  mixing boundary ( t h a t  is ,  t h e  extent  of separated 
flow over t h e  afterbody) which envelopes the  afterbody. 
nose shapes (models 0-A and 1-A) t h i s  boundary i s  wel l  away from the  
afterbody, whereas f o r  t h e  higher fineness r a t i o s  (models 4-A and 5-A) 
the  mixing boundary is  very close t o  t h e  afterbody surface. 

In  addition t o  t h e  expected var ia t ions  i n  shock shape and 

For the  blunter  

Basic aerodynamic charac te r i s t ics . -  The bas ic  aerodynamic charac- 
t e r i s t i c s  of the  capsule with each nose shape of the  f ineness-rat io  
series are shown i n  f igure  3 .  The b lunter  shapes (models 0-A,  1-A,  
and 2-A) have a negative l i f t -curve  slope, whereas t h e  more slender 
nose shapes produce a pos i t ive  l i f t -curve  slope. 
curve slope, of course, simply r e s u l t s  from t h e  f a c t  t h a t  a t  pos i t ive  
angles of a t tack  there  is a la rge  a x i a l  force on the  f ront  face of the  
b lunter  noses which has a component i n  t h e  negative l i f t  d i rec t ion  t h a t  
i s  larger than the  pos i t ive  l i f t  component of t h e  normal force.  A s  
the  nose shape becomes more slender t h e  axial-force contribution of 
the  nose diminishes, and at some spec i f ic  cone angle t h e  nose produces 

The negative lift- 
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t h e  conventional pos i t i ve  lift a t . p o s i t i v e  angles of a t tack .  A cross  
p l o t  of the  da ta  shown i n  f igure 3 indicates  t h a t  a cone half-angle of 
about 42O would be needed f o r  a configuration t o  produce a l i f t - cu rve  
slope of zero. 
with t h e  spec i f i c  afterbody shape used i n  t h i s  inves t iga t ion .  

This, of course, would apply only t o  configurations 

An approximation t o  the  s i z e  and d i r ec t ion  of t h e  afterbody l i f t  

Reference 3 
can be conveniently made f o r  model 0-A by using t h e  pressure-dis t r ibut ion 
data f o r  a f la t - faced  cylinder presented i n  reference 3. 
shows t h a t  t h e  r a t i o  of t he  l o c a l  pressure t o  t h e  normal-shock pressure 
over a f l a t  face  i s  independent of Mach number between Mach numbers 
of 2.49 and 4.44. 
on a f la t  face  a t  
which would e x i s t  i f  the  pressure behind a normal shock acted over t he  
e n t i r e  face.  Therefore t h i s  force would produce a l i f t  coef f ic ien t  
of about -0.37 f o r  model 0-A a t  a = 150. The experimentally measured 
l i f t  coe f f i c i en t  a t  a = 150 f o r  model 0-A was -0.35. This i l l u s t r a t e s  
t h a t  t h e  l i f t  on the  afterbody was es sen t i a l ly  zero. 
estimate of afterbody l i f t  can be applied t o  the o ther  configurations 
i s  uncertain.  

By using the data presented i n  reference 3, t he  force 
a = l 5 O  i s  determined t o  be about 0.82 of t h e  force 

CL 

How wel l  t h i s  

Figure 3 shows a comparison of t h e  l i f t - c o e f f i c i e n t  da ta  of 
shapes 1-A and 5-A with a theo re t i ca l  p red ic t ion  based on modified 
Newtonian theory. The agreement between experimental r e s u l t s  and 
theory i s  very good. 
body the  agreement might be for tui tuous t o  some extent ;  however, it has 
been previously shown t h a t  t he  afterbody l i f t  f o r  shape 0-A w a s  essen- 
t i a l l y  zero. 

Since t h e  theory d id  not account f o r  any after- 

The drag-coefficient data  shown i n  f igure  3 f o r  t h e  various nose 
shapes i l l u s t r a t e  t he  la rge  reductions i n  drag which can be obtained 
by increasing t h e  f ineness  r a t i o  of t he  nose. Figure 3 a l so  shows the 
expected r e s u l t  t h a t  t he  models w i t h  t h e  negative l i f t - cu rve  slopes 
( 0 - A ,  1-A, and 2-A) have an inverse va r i a t ion  of drag with angle of 
a t tack ,  whereas the  models w i t h  more s lender  nose shapes have t h e  con- 
vent ional  drag-curve shape. The drag predic t ion  of modified Newtonian 
theory appears good f o r  shape 1-A but  t h i s  theory underpredicts t h e  
drag f o r  shape 5-A. 
f i c i e n t  with angle of a t tack  i s  w e l l  predicted.  
coe f f i c i en t s  have been corrected t o  zero base drag coef f ic ien t  only 
on t h e  base of t h e  model. 
t h a t  free-stream pressure a l so  a c t s  on the  conical  afterbody. 
t h a t  t h e  conical  afterbody produces only a s m a l l  contr ibut ion t o  t h e  
experimental drag coeff ic ient  a t  can be seen by t h e  following 
simple breakdown of t he  drag ac t ing  on t h e  f la t - faced  model (0 -A) .  For 
t h i s  model, if t h e  pressure-dis t r ibut ion da ta  presented i n  reference 3 

I n  each case, however, t h e  var ia t ion  of drag coef- 
The experimental drag 

However, modified Newtonian theory assumes 
The f a c t  

a = Oo 
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a r e  used t o  determine t w d r a g  cw&'Gicient due t o  the  f ront  face a t  
the  resul t ing drag coeff ic ient  CD i s  1.58. The measured C D , ~  shown i n  

f igure  3 i s  1.68. The f a c t  t h a t  the  difference i s  so s m a l l  indicates  t h a t  
the  conical afterbody makes a very minor contribution t o  the  drag and hence 
has essent ia l ly  free-stream pressure act ing on it. 

a = Oo,  
c 

Comparison of drag with theory.- The e f f e c t  of the  nose f ineness  
r a t i o  or  slenderness on the  minimum drag coeff ic ient  can be seen i n  f i g -  
ure 4 .  
may be expressed as 

By using modified Newtonian theory t h e  drag coef f ic ien t  of a cone 

L 
9 

2 3 
2 CD = Cp,maxsin gc  

o r  

= sin2ec cD 

GD, 900 

The l i n e  shown i n  f igure  4 with a slope of 1.0 would thus be t h e  Y 

Newtonian approximation of the  drag f o r  sharp-nosed cones. Also shown 
i n  f igure 4 a r e  t h e  experimental drag-coefficient data  and the  t h e o r e t i -  
c a l  drag var ia t ion  of sharp cones based on the  cone theory presented i n  
reference 4. The experimental drag coef f ic ien ts  f o r  the  capsules with 
the  large nose fineness r a t i o s  (models 3-A, &-A, and 5-A) are grea te r  
than the predictions of e i t h e r  the  Newtonian approximation or  the  more 
exact theory of reference 4.  

For these more slender configurations it i s  generally known t h a t  
t h e  theory of reference 4 i s  very good. 
i s  probably f a i r l y  close t o  zero, t h e  l a r g e r  drag values shown by t h e  
da ta  as compared with t h e  predict ion of reference 4 must be f o r  t h e  
most par t  due t o  blunting the  cones. Model 2-A, which has a cone angle 
almost exactly t h a t  which i s  necessary t o  produce shock detachment, has  
less drag than i s  predicted by t h e  theory of reference 4, but grea te r  
drag than t h e  Newtonian predict ion f o r  a sharp-nosed cone. 

Also, since the  afterbody drag 

Lift-drag ra t io . -  The e f f e c t  of f ineness r a t i o  on t h e  l i f t - d r a g  
r a t i o  i s  shown i n  f igure  3. These curves i l l u s t r a t e  t h a t  l i f t - d r a g  
r a t i o s  of about 0.8 can be obtained f o r  t h e  models with noses of la rge  
fineness r a t i o .  
t h e  blunt-faced models. 
fineness r a t i o ,  produced t h e  least l i f t - d r a g  r a t i o  of any model t e s t e d .  

Lift-drag r a t i o s  of about -0.2 can be obtained with 
Model 2-A, which had an intermediate nose 

6 

Pitching moment.- The moment-coefficient data  shown i n  f i g u r e  3 
have been referenced t o  a point  which i s  a f ixed dis tance (0.52 inch) 
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behind the  maximum diameter of the model. 
1-A, and 2-A have a s l i g h t l y  negative slope. However, as might be 
expected, t h e  slopes of t h e  curves for  models 3-A, &-A, and 5-A become 
increasingly pos i t ive  as fineness r a t i o  i s  increased. Figure 5(a) 
shows t h e  var ia t ion  of C, with CL f o r  the models wi th  varying nose 

f i r e n e s s  r a t i o .  The curves f o r  t h e  blunter models (0-A,  1-A, and 2-A)  
have almost zero slope; t he  curves for  models 3-A, 4-A, and 5-A have 
a pos i t ive  slope which increases as nose fineness r a t i o  increases.  
Figure 5(b? shows the  var ia t ion  of center of pressure w i t h  angle of 
a t tack .  
has the most nonlinear center-of-pressure var ia t ion.  

The curves f o r  models 0-A, 

Model 2-A, which generates t h e  least l i f t  of any model t e s t e d ,  

A s  might be expected, f igure  3 shows t h a t  Cm increases wi th  
increase i n  nose fineness r a t i o ;  t h i s  occurs since l i f t i n g  area i s  
added ahead of the fixed-moment reference locat ion as nose f ineness  
r a t i o  i s  increased. However, f igure  6(a) shows t h a t  if  the center  of 
planform area is  used as the  moment reference f o r  each model, the models 
wi th  l a r g e r  fineness r a t i o  are s t i l l  unstable. A summary of the e f f e c t  
of nose fineness r a t i o  on s t ab i l i t y  i s  presented i n  f igure  6(b) by 
p l o t t i n g  & 
f ixed moment reference and the  da ta  with t h e  moment reference a t  t he  
center  of planform area.  This f igure  i l l u s t r a t e s  that  wi th  the  f ixed  
moment reference (0.52 inch behind the maximum diameter), the  conf igura- 
t i o n s  would be unstable f o r  cone half-angles less than 50' and s t a b l e  
f o r  l a r g e r  cone angles. 
taken a t  the center of planform area indicate  t h a t  configurations w i t h  
cone half-angles l e s s  than about 400 would be unstable and tha t  config- 
urat ions blunter  than t h i s  would be stable. It w i l l  be remembered t h a t  
the  cone half-angle f o r  zero l i f t -curve slope occurred a t  about 4 2 O .  

as a function of nose-cone half-angle f o r  the data w i t h  

The data  w i t h  t he  moment-reference locat ion 

Effects  of Nose Apex Offset 

One means of generating l i f t  on a reent ry  capsule i s  t o  design it 
w i t h  an asymmetrical nose. 
l i f t  and s t a b i l i t y  charac te r i s t ics  which can be produced i n  t h i s  way. 
The nose shapes used i n  t h e  evaluation are shown i n  f igure  l ( b ) .  
nose shapes were t e s t e d  i n  conjunction w i t h  t h e  same afterbody as was 
used i n  evaluating nose fineness-ratio e f f e c t s .  Models 2-B, 2-C, 
and 2-D were modified versions of model 2-A but with the nose apex off-  
set l /3 ,  2/3, and 1 maximum radius,  respectively.  
and 3-D were similar modifications of model 3-A. 

A preliminary evaluation was made of the 

These 

Models 3-B, 3-C, 

Figure 7( a) shows t h e  aerodynamic c h a r a c t e r i s t i c s  of models 2-A, 
2-B, 2-C, and 2-D, and f igure  7(b) shows these charac te r i s t ics  f o r  
models 3-A, 3-B, 3-C,  and 3-D. The data show t h a t  la rge  amounts of 
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lift can be rea l ized  with these models and t h a t  t h e  l i f t  increases  with 
increasing nose o f f s e t .  
increases with increasing nose o f f s e t  a t  angles of a t t ack  grea te r  
than - 6 O ;  however, there  is  s t i l l  an increment i n  l i f t - d r a g  r a t i o  with 
increasing nose o f f s e t .  
30° half-angle conical nose by t h e  f u l l  capsule radius  produced a l i f t -  
drag r a t i o  of about 0.5 at an angle of a t t ack  of Oo. 
a t t ack  less than -6' t he  drag i s  l e s s  f o r  an o f f s e t  of 1 maximum radius  
than f o r  an o f f s e t  of 2/3 maximum radius .  Near a = Oo t h e  models with 
the  30° conical  nose ( f igure  7(b) )  have l a rge r  increases  i n  l i f t  due t o  
nose o f f se t  than the  b lunter  models ( f igure  7(a)  ) , and higher l i f t - d r a g  
r a t i o s  a re  obtained. A t  angles of a t t ack  above -14O t h e  drag increases  
as nose o f f s e t  i s  increased from l / 3  t o  1 maximum radius .  For a l l  models 
with the 30' nose t h e  drag coef f ic ien t  was lowered i n  the  negative angle- 
of-attack range by using any amount of nose o f f s e t ,  and one model (3-B) 
had a drag coef f ic ien t  less than the  drag coef f ic ien t  f o r  an axisymmetric 
model (3-A) throughout t he  complete angle-of-attack range f o r  which t e s t s  
were conducted. 

For the  b lunter  models ( f i g .  7 ( a ) ) ,  t he  drag 
. 

Offse t t ing  the  apex of t he  capsule w i t h  a 

A t  angles of 

The pitching-moment r e s u l t s  presented i n  f igu re  7 show t h a t  there  i s  
no increase i n  the  nonl inear i ty  of t he  curves due t o  nose o f f s e t .  Also, e 

nose o f f se t  has e s s e n t i a l l y  no e f f e c t  on the  slope of t he  pitching-moment 
curves. A pos i t ive  increment i n  the  magnitude of t he  p i tch ing  moment i s  
produced by each successive increase i n  nose o f f s e t ,  however, and t h i s  - 
increment i s  l a rge r  f o r  t h e  models with t h e  more slender nose. 

Ef fec ts  of  Nose Cant 

A sketch of each of t he  four  models which were t e s t e d  t o  evaluate 
t h e  e f f ec t s  of nose cant i s  shown i n  f igu re  l ( c ) .  The aerodynamic 
cha rac t e r i s t i c s  of these models are shown i n  f igu re  8. 
area f o r  t h e  aerodynamic coe f f i c i en t s  shown i n  f igu re  8(a) was the  
maximum cross-sect ional  area a t  t he  nose-afterbody juncture of t h e  
model with 00 cant.  A t  an angle of a t t ack  of 00 t h e  increase i n  l i f t  
due t o  canting the  nose va r i e s  l i n e a r l y  with increasing cant angle 
and a l i f t - coe f f i c i en t  increment of about 0.021 per  degree of cant 
angle is  shown. The l i f t - cu rve  slope near a = 09 f o r  t h e  model with 
a nose cant of 0' i s  a l so  about -0.021 per  degree angle of a t tack .  A t  
l a rge  negative angles of a t t ack  t h e  va r i a t ion  of l i f t  with cant angle 
i s  not as  l i nea r .  This r e s u l t  might be expected because of t h e  la rge  
incidence angle of t he  nose with respect  t o  t h e  free-stream d i r ec t ion .  
For example, fo r  t h e  model with 21' cant t h e  nose i s  at  an angle of 3 6 O  

The reference 

with respect t o  t h e  stream a t  -15' angle of a t t ack .  + 

The use of cant causes s izable  increases  i n  l i f t - d r a g  r a t i o .  A 21O 
cant  angle  produced a l i f t - d r a g  r a t i o  of about 0.5 a t  an angle of a t t a c k  
of about -15'. It i s  i n t e r e s t i n g  t o  note t h a t  the  incremental increase i n  
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t h e  l i f t - d r a g  r a t i o  due t o  cant angle is  e s s e n t i a l l y  l i n e a r  over t h e  com- 
p l e t e  angle-of-attack and cant-angle range which was t e s t e d .  This  l i ne -  
a r i t y  d id  not occur f o r  t h e  group of models which produced l i f t  by o f f s e t  
( f i g .  7 ) .  

Above an angle of a t t ack  of bo, increasing t h e  cant angle increased 
t h e  drag coef f ic ien t  of t h e  configuration. 
t h e  reverse  e f f ec t  was t r u e .  A t  an angle of a t t ack  of  bo the  drag coef- 
f i c i e n t  was completely insens i t ive  t o  nose cant.  

Below t h i s  angle of a t t ack  

Modified Newtonian theory was used t o  ca lcu la te  t he  l i f t  and drag 
va r i a t ion  with angle of a t t ack  f o r  t he  model with a nose cant of 14O. 
The theory p red ic t s  only the  forces  on t h e  face of t he  model. 
d i c t ion  of both t h e  l i f t  coef f ic ien t  and the  drag coef f ic ien t  was 
espec ia l ly  poor a t  la rge  negative angles of a t t ack .  
angle-of-attack range t h e  theo re t i ca l  predict ion of t h e  drag coe f f i c i en t  
was good. I n  t h i s  range the  face of the model was more near ly  normal t o  
the  free-stream di rec t ion .  

The pre- 

I n  the  pos i t ive  

Figure 8 shows t h a t  t h e  use of nose cant has no e f f e c t  on t h e  l i n -  
e a r i t y  of t he  pitching-moment curves. 
t he  s lope of these  curves. The only e f f ec t  of nose cant on pi tching 
moment w a s  t o  cause a pos i t ive  increase i n  p i tch ing  moment with increasing 
nose-cant angle. 

Neither does it a f f ec t  appreciably 

It w a s  conjectured t h a t  holding the  reference a rea  of t he  canted con- 
f igu ra t ions  constant,  as i n  f igure  8( a ) ,  might obscure some important 
e f f e c t s  produced by canting the  nose. 
t o  coe f f i c i en t  form by using as t h e  reference area the  area of t he  
e l l i p s e  formed by t h e  nose-afterbody juncture. (See f i g .  8 (b ) . )  N o  
important e f f e c t s  were noted i n  the  data as a r e s u l t  of changing t h e  
reference area, except t h a t  the  drag coef f ic ien t  curves d id  not i n t e r s e c t  
at  a s ing le  angle of a t t ack  f o r  a l l  var ia t ions  i n  nose cant angle. Also, 
t h e  angle-of-attack range at  which the  drag coe f f i c i en t  was most insensi-  
t i v e  t o  nose cant angle was grea te r  than 4'. 

Consequently the  da ta  were reduced 

Effects  of Nose Spikes 

The use of a cy l indr ica l ,  hemispherically t ipped spike protruding 
from t h e  center  of t he  nose of a reentry body has been considered as a 
means of producing l i f t  or  exer t ing control forces  during reentry.  
a spike on an a c t u a l  f l i g h t  vehicle might be gimbaled and provision would 
have t o  be made t o  e i t h e r  cool t h e  spike o r  ad jus t  t he  length of t h e  spike 
by feeding more of t h e  spike in to  t h e  airs t ream t o  replace what would be 
ablated during reentry.  
l e m s  which would have t o  be overcome before t h e  use of such a conflgura- 
t i o n  could be ser ious ly  considered. However, i f  t h e  aerodynamic charac- 
t e r i s t i c s  of a configuration of t h i s  type appeared s u f f i c i e n t l y  promising, 

Such 

These a r e  only a f e w  of t h e  many p r a c t i c a l  prob- 
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attempts t o  overcome the  many l?&nidable design problems would be j u s t i -  
f i e d .  With t h i s  i n  mind, preliminary t e s t s  were made on the  configura- 
t i o n  shown i n  f igu re  l ( d ) .  I n  addi t ion t o  conducting tes ts  with spikes 
on the  f la t - faced  model, t e s t s  were a l so  conducted with spikes  on nose 
shapes 1-A and 4-A. 
s t ruc ture  which resu l ted  f o r  t h e  t e s t s  with a 1.5-inch-long spike a r e  
shown i n  f igu re  g(a)  and f o r  t he  t e s t s  with a 0.75-inch spike i n  f i g -  
ure  g ( b ) .  

Some t y p i c a l  sch l ie ren  photographs of t he  shock 

The schl ieren photographs indicated t h a t  unsteady flow ex i s t ed  on 
t h e  f la t - faced models with t h e  1.5-inch spike, and some high-speed 
schl ieren movies were taken of a number of configurations t o  confirm 
t h i s  f ac t  and t o  def ine t h e  configurations which produced t h i s  unsteady 
flow. For model 0-A and t h e  l .5-inch spike, t he  flow o s c i l l a t e d  between 
t h e  two f l o w  pa t te rns  shown i n  the  upper two schl ie ren  photographs of 
f igu re  9(a) .  
tunnel  s tagnat ion pressure of 2/5 atmosphere and about 600 cps a t  a tunnel 
s tagnat ion pressure of 3 atmospheres. The unsteady flow p e r s i s t e d  t o  an 
angle o f  a t t ack  of about 80, and a t  higher angles of a t t ack  (up t o  15') 
t h e  high-speed movies showed t h a t  t he  flow was steady. No unsteady flow 
was detected on any models o ther  than the  f la t - faced  model except f o r  
model 4-A which had a s m a l l  region of unsteady flow near t he  base of t h e  
spike a t  angles of a t t ack  near Oo. 
with t h e  0.75-inch spike on the  f la t - faced  model bu t  it was of s m a l l  
amplitude and of a more in te rmi t ten t  nature  than occurred with t h e  
l .5-inch spike.  

The frequency of t h e  o s c i l l a t i o n s  was about 500 cps a t  a 

Some flow unsteadiness was observed 

The aerodynamic cha rac t e r i s t i c s  of t h e  configurations which were 
t e s t e d w i t h  the  0.75-inch spike a r e  shown i n  f igu re  10. For comparison, 
t h e  data f o r  the  corresponding nose shapes without t he  spike a r e  shown 
by t h e  dashed l i n e s .  The addi t ion  of t h e  spike had very l i t t l e  e f f e c t  
on t h e  l i f t  f o r  shapes 0-A and 4-A; however, it d id  produce a non- 
l i n e a r i t y  i n  the  l i f t - cu rve  da ta  f o r  shape 1-A. 
coef f ic ien t  data  of nose shapes 0-A and 4-A were a f fec ted  only s l i g h t l y  
by t h e  addi t ion of the  spike, whereas t h e  drag-coeff ic ient  da t a  f o r  
shape 1-A were considerably reduced i n  t h e  low angle-of-attack range 
by t h e  addi t ion of a spike. This "bucket" i n  t h e  drag curve must be 
associated with the  f a c t  t h a t  t h e  spike on shape 1-A, with  i t s  separated 
flow near the  base of t he  spike,  al ters the  e f f e c t i v e  shape of t he  nose 
t o  produce a configuration with a g rea t e r  nose f ineness  r a t i o .  
spike d i d  not have as g rea t  an e f f e c t  on t h e  drag f o r  shape 0-A as f o r  
shape 1-A because the  spike w a s  too  shor t  t o  a l ter  the  shock s t ruc tu re  
very s igni f icant ly  f o r  shape 0-A. This can be  seen by comparing the  
upper two left-hand schl ie ren  photographs of f igu re  9 ( b ) .  For shape 
1-A the spike penetrates  t he  bow shock wave of t h e  capsule t o  a g rea t e r  
ex ten t  and produces more of a bulge i n  t h e  bow shock. 

Similar ly ,  t h e  drag- 

The 

. 

. 

c 

- 



m m m  m m m  ma 
m m m  m a  a m  

om am ma 
m m m  m a  m a  
ma m m m  am moo m m m  m a  

13 

L 
9 
3 
2 

The pitching-moment data  i n  f igure 10 show t h a t  t he  addi t ion of a 
spike can cause la rge  nonl inear i t ies .  

Figure ii shows the  e f f e c t  of spike length on the aero&yna~ic  charsc- 
t e r i s t i c s  of configuration 0-A. There i s  very l i t t l e  e f f e c t  on t h e  l i f t  
da ta  due t o  adding even the  1.5-inch-long spike, but  t he  drag of  t he  
capsule is  g r e a t l y  reduced as the  spike length i s  increased from 0.75 inch 
t o  1.5 inches. The pitching-moment data a r e  not symmetrical about a = Oo 
f o r  t he  configurations with spikes and therefore  might be subject t o  some 
doubt. In  t h i s  regard it should be remembered t h a t  f o r  these  configurations 
a v io len t  o s c i l l a t o r y  flow was taking place on the  nose of t he  model up t o  
an angle of a t t ack  of about 8'; however, t h e  wind-tunnel balances indicated 
a steady reading s ince the  frequency of t h e  o s c i l l a t i o n s  was very high. 
It i s  in t e re s t ing  t o  note t h a t  the  pitching-moment increment produced by 
t h e  1.5-inch spike a t  pos i t ive  angles of a t t ack  w a s  i n  t h e  negative d i rec-  
t i on .  A pitching-moment increment due t o  l i f t  would be i n  t h e  pos i t i ve  
d i r ec t ion .  This r e s u l t  i s  not pa r t i cu la r ly  surpr i s ing  s ince it w a s  
expected t h a t  t he  spike would change the  aerodynamic cha rac t e r i s t i c s  of 
the  capsule pr imari ly  by producing interference e f f e c t s  on the  face  of 
t h e  capsule. 

Figure 12 shows t h e  e f f e c t s  o f  spike def lec t ion  on the  aerodynamic 
cha rac t e r i s t i c s  of model 1-A. The addition of an undeflected spike 
produced a nonl inear i ty  i n  the  l i f t  curve such t h a t  near it had 
a pos i t i ve  slope ins tead  of t he  l i nea r  negative slope of t he  capsule 
without a spike.  Deflecting the  spike s h i f t e d  t h i s  point  of l i f t - cu rve -  
slope r e f l e c t i o n  from a X Oo t o  a = -5' f o r  a 10' spike def lec t ion  
and t o  a = -loo f o r  a 200 spike def lect ion.  The addi t ion of a spike 
t o  the  noses resu l ted  i n  near ly  a 50-percent reduction i n  the  minimum 
drag, and t h e  minimum drag occurred in approximately the  same angle-of- 
a t t ack  range a s  the  l i f t  r e f l ec t ion .  
near a x -6' f o r  6 = 100 and near a -12' f o r  6 = 20'. 

a = 00 

Actually the  minimum drag occurred 

Although it appears t h a t  spike def lec t ion  causes a systematic a l t e r a -  
t i o n  i n  t h e  l i f t  and drag curves, the  e f f e c t s  of spike def lec t ion  on 
p i tch ing  moment a re  very unsystematic. 
a source for l a rge  cont ro l  moments but the  r e su l t i ng  pi tcning moments 
are very nonlinear both with regard t o  angle-of-attack var ia t ion  ( f i g .  12)  
and va r i a t ion  i n  spike def lect ion ( f ig .  13). The var ia t ions  of pi tching 
moment with spike def lec t ion  shown i n  f i gu re  13 a r e  inconsis tent  with 
regard t o  t h e  d i r ec t ion  of t he  resu l t ing  moment a s  w e l l  as t o  the  magni- 
tude of t h i s  moment. It therefore  appears t h a t  t h e  use of a spike f o r  
producing cont ro l  forces  would require t h e  solving of formidable aero- 
dynamic problems as w e l l  as the  problems associated with heating and t h e  
surv iva l  of t h e  spike.  

Spike def lec t ion  can be used a s  
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An invest igat ion conducted i n  the  Langley 9-inch supersonic tunnel  
a t  a Mach number of 2.91 on a reent ry  capsule w i t h  a s e r i e s  of nose 
shapes i n  order t o  evaluate t h e i r  r e l a t i v e  aerodynamic cha rac t e r i s t i c s  
and the capacity of these d i f f e ren t  nose shapes t o  produce l i f t  indicated 
the  following conclusions: 

1. Both slender-nosed and blunt-nosed shapes produced s ign i f i can t  
l i f t -d rag  r a t i o s  although grea te r  l i f t -d rag  r a t i o s  were produced by t h e  
slender-nosed shapes. For example, t h e  f la t - faced  nose shape produced 
a l i f t -d rag  r a t i o  of 0.2 whereas the  16O half-angle nose shape produced 
a l i f t - d r a g  r a t i o  of 0.8. A nose shape with a cone half-angle of about 420 
would have e s sen t i a l ly  no l i f t  produced by any va r i a t ion  i n  angle of a t t ack  
within t h e  range of t h e  t e s t s .  

2. Increasing nose f ineness  r a t i o  o r  slenderness decreased longi tudi-  
n a l  s t a b i l i t y  f o r  the  more s lender  shapes, both with t h e  moment reference 
a t  a f ixed point and with the  moment reference held a t  the  center  of t he  
planform area. 

3 .  Modified Newtonian theory approximated the  l i f t  of both a blunt-  
nosed and a slender-nosed shape but  considerably underpredicted t h e  drag 
of t h e  slender-nosed shape. 

4. Both nose o f f se t  and nose cant produced s ign i f i can t  increases  i n  
t h e  l if t-producing capab i l i t i e s  of t h e  capsules. Offse t t ing  the  apex of 
t he  capsule with a 30' half-angle conical  nose by the  f u l l  capsule radius  
produced a l i f t -d rag  r a t i o  of about 0.5 a t  an angle of a t t ack  of 00. 
21° cant angle a l so  produced t h e  same l i f t - d r a g  r a t i o  a t  an angle of 
a t t ack  of about -15'. The incremental increase i n  l i f t - d r a g  r a t i o  due 
t o  cant angle was e s sen t i a l ly  l i n e a r  f o r  t he  angle-of-attack and cant- 
angle range of t he  tests.  

A 

5 .  Although the  drag of t h e  50' half-angle nose shape with t h e  nose 
o f f s e t  increased with increasing nose o f f s e t  a t  angles of a t t ack  above -6O, 

t h e  l i f t -d rag  r a t i o  a l so  increased with increasing nose o f f s e t .  

6. A t  angles of a t t ack  g rea t e r  than 4' increasing t h e  cant angle 
increased t h e  drag coef f ic ien t ,  and a t  angles of a t t ack  l e s s  than 4' 
increasing the  cant angle decreased t h e  drag coe f f i c i en t .  A t  an angle of 
a t t ack  o f  bo the  drag coef f ic ien t  was completely in sens i t i ve  t o  any 
var ia t ion  i n  cant angle. 

7. Neither nose o f f s e t  nor cant angle had any s ign i f i can t  e f f e c t  
on the  slope o r  l i n e a r i t y  of t h e  pitching-moment va r i a t ion  with angle 
of a t tack.  
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8. Slender spikes protrudilig f romthe  nose of t he  capsules were 
able  t o  produce s igni f icant  l i f t  and moments, bu t  i n  some cases high- 
f r e q u e x y  c s e i l l a t c r y  f l ~ w  was enccmtered. Also, the pitching-moment 
va r i a t ions  were very nonlinear both w i t h  regard t o  angle of a t t ack  and 
t o  spike def lect ion.  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va., September 15, 1960. 
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(a) Fineness-ratio series. 

Figure 1.- Sketches of models and model components. All dimensions 
are in inches. * 
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(b)  Nose camber se r i e s .  

Figure 1.- Continued. 
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( c )  Nose cant  series. See back dimensions i n  figure l ( a ) .  

Figure 1.- Continued. 
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Model 0 - A  
a =  0" 

Model I - A  
a =  170 

Model 2 - A  
a = 1 7 O  

Model 3- A 

Model 4- A 
a = / T o  

Model 5 - A  
= 170 

L-60-5573 
Figure 2.- Some typical  schlieren photographs of flow about models of 

various fineness r a t io .  
plane. 

Schlieren light beam i n  angle-of-attack 
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Figure 3.- Effects of nose fineness ratio on aerodynamic characteristics. 
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Figure 4.-  Ef fec t  of nose f ineness  r a t i o  on the  minimum drag c o e f f i c i e n t .  
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(a) Variation of Cm with CL, showing e f f e c t  of nose f ineness  r a t i o .  
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(b)  Variation of center  of pressure with angle of a t t ack .  

Figure 5.- Variations of s t a b i l i t y  parameters f o r  models with moment 
reference a t  0.52 behind nose-afterbody juncture.  
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(a) Effec t  of f ineness  r a t i o  with moment reference a t  
center  of planform area .  

. 

Nose cone holf- angle 

(b) Effec t  of nose cone angle.  

Figure 6.- Variations of s t a b i l i t y  parameters. 
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t 

1 a, deg 

(a) Models 2-A,  2-B, 2-C, and 2-D. 

Figure 7.- Effects of nose offset on aerodynamic characteristics. 
4 
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(b) Models 3-A, 3-B, 3 4 ,  and 3-D. 

Figure 7.- Concluded. 
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(a) Reference area is the maximum cross-sectional area of 
model with Oo nose cant. 

Figure 8.- Effects of nose cant on aerodynamic characteristics. 
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4 
a, deg 

(b) Reference a rea  i s  the  area of t h e  e l l i p s e  formed by the  
nose-afterbody juncture  of each model. 

Figure 8.- Concluded. - 
~~ 
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(a) Models w i t h  1.5-inch spike. ~ 6 0 - 5 5 7 4  
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4 Figure 9.- Schlieren photographs of shock s t ructures .  Schlieren l ight 
beam i n  angle-of-attack plane, except f o r  side view. 
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(b) Models w i t h  0.75-inch spike. L-60-5575 
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Figure 9.- Concluded. 
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4 Figure 10.- Effect  of 0.75-inch spike a t  0' on aerodynamic character-  
i s t i c s  of nose shapes 0-A, 1-A, and 4-A. 
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Figure 11.- Effect of spike length on aerodynamic cha rac t e r i s t i c s  
of nose shape O-A. 
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Figure 12.- E f fec t  of spike def lect ion on nose shape 1-A. 
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Figure 13.- Spike control effectiveness for l.5-inch spike 
on nose shape 1-A. 
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